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[MonHasa cuctema ypasHenunii Hasbe-CTokca

pt + upx + vpy +wpz + p(ux + vy + wz) =0,

Ut+UUx+VUy+WUz+%px+%Tx:aV_bW++% (Uxx"!‘%Uyy“l‘%uzz"‘%vxy‘f'%wxz),
T _ #0

Vt+UVx+VVy+WVz+ ppy+ Ty— au + (Vxx+Vyy+ Vzz + 7 ny+ Wyz)’

Wt+UWx+VWy+WWz+ + = Tz—bu—g-&-ﬂo (3Wxx+ Wyy+sz+ sz+ Vyz)y

vppz
T+ uTx + VTy+WTz+(7_ ]-)T(Ux+ Vy+Wz) = %(TXX—’— Tyy+ Tzz)+

00D (= )2 o (= e+ (v = e+
+3 ((uy + v)? + (uz + w)? + (vz + wy)?)]

Obo3zHaueHunsn

V= (v1,vw,w3); =(0; Q; Q3);

Qy = Qcosv; Q3 = Qsin, siny > 0;

a=2Q3; b=2Q; g=(0,0,—g), g = const>0.

—_
—_
~—
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MacwTabHble 3Ha4YeHns
upo = vVRyToo = coo; too = L%((’); poo = Rpoo Too; €00 = cvo Too;

v =1+ R/cvo, ugo=coo=310% poo = 1.29kr/m3, Too = 288 K

Q- 27 .t _ Too
T 24%3600c 0 8T &
fip = A S iluo
3000000 Cv0£00U00 100 3 Pr
Ins Bospyxa v = 1.4, Pr =0.72, ro ~ 1.46u0 J

p=14p T=1+4T; V=V
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JluHeapusoBaHHas cuctema ypasHeHuii Hasbe-CTokca

pe + (g + ¥, + W;) =0,

L7t+%+7x_a‘7+bﬁ/_ﬂo (ﬁxx'{'%ﬂyy_}_%ﬁzz"i_%‘?xy"i_%WXZ) =0,
et %y + 5 +all — o (Vo + Uy + §Vez + 3y + 3Wz) =0,

e+ 2 4 Lx b — po (3 + 3y + e + bl + 52) =0,

(3)
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PasHocTHas afnnpoKCnMalun- J'II/IHeapI/I3OBaHHOI7I CNCTEMDI

ypaBHeHunii Haebe-CTokca

of itk — 1k of ik — o1k of k1 — fket
Ox 2Ax " Oy 2Ay " 0z 2Az ’

f=(0p, T, u v, w) J

0<x<x, 0<y<wy 0<z<z.
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PasHocTHasa cxema

n+1 n n n n n n
Pik—Plik + Yittjk—Yi1,j.k + Vijt1.k— Vij—1k + Wijkt1™ Wijk=1 _ )
At 2Ax 2Ay Az -
V.
n+l __ 'n n _.n n _ TN
Ui ik Y5k + 1 Pit1,jk—Pi—1,j,k + 1 Thaje— Tk av + bW
At Y 2Ax y 2Ax ij,k
n n n
— 1 Uiy jue—2u U e 0§ Ui 20
n (AX?'I2 n 4 n (Ay)2 n n
.3 U7 =207 U ey 1 Ve T Vis ik ik Vit ik
Koz (Az) 0% 4AxAy
n n
. Wia et ™ Wikt Wi ke T W ket 0
'u04 AAxAz - )
n+1 n n n n
Lk Yk 1 Pijs1,k—Pij—1.k + 1T T 1k + au”
At Y 2Ay Y 2Ay i,k
n n n n n n
_uogVi+1,j,k—2Vi,j,k+";_1,j,k o ViVt
4 n (AX)z n (Ay)2 n n n
3 Wi T2 W e 1 Uk Y e kT e
Hog (Az)2 Hoz 40xDy
n n +Wn
. Wikt ™Ykt Wi ke T W ket 0
'U’O4 4Ay Az -
.
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PasHocTHasa cxema

n+1 n n n n
Wijok Wik 1 Pijkt1—Pijk—1 + 1T =Tk bu”
At Y 2Az Y 2Az ik
n n n
3 WRL 2w Wk 3 Witk Wit Wik
Hog (Bx)? ~ hog (By)?
I‘I n n n
Wk T2 W 1 U e Y ke Y e P k1
Ho (Az)2 0% 4AXxAz
n n
_ Vit kel Vi k1 Vi k=1 Vi1 k-1 —0
/.L 4Ay Az ’
v
n+l__ gn n N n . n n —iD
Tigok— Tijok +( _1) Uer Uty Vi Vi | Wi Wijke1)
At v 2Ax 28y 27z
n n
T 2T T e Ko T 2T Tk
i (AX) i (Ay)
—K Ti,j,k+l 2le,k+Ti,j,k—l _ 0
0 (Az)? .
v
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YucneHHoe mogenvnposaHue TeveHuii 8 B3I

npoays: 0.1x0.1

B B3l manbix macwtabos

o = 10 m
Az = 0.005, w(t) = 0.003(1 — e~10%)

L

B B3I cpegHux macwrabos

o = 50 m
Puc.1 PacyetHas obnactb AZ = 0004, W(t) = 0003(1 - e_IOt)
po = po(z) = (1 — kz)"

To(z) =1 — kz, k= 5= B B3I bonbwux macwrabos

y= %, L = 0.0065 roo = 50000 m
o =0,vo =0, wp =0, Az =0.002, w(t) = 0.0125(1 — e~ 1%%)
At = 0.001

Ax = Ay = 0.005
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Yucnennoe mogenuposanmne Tedernii 8 B3I manbix macwrabos

z = 0.025(0.25m), roo = 50 M, Ax = Ay = Az = 0.005(0.05m),
At = 0.001(0.00003c), w(t) =0.003* (1 —e '), w:0+1m/c

104
09999 5q N
'
09938 4
0999
09997 o 3 3
R0, 09996 am i B
. s 2
1
09934 09995
09994 °
o aona - '

S ~ o
M Il v b x o

Puc.2 t=0.1c a - MnoTHocTb b - TemnepaTtypa c-W

Puc.3 t=300c a - MnoTHocTe b - TemnepaTypa c-W

Byraenko A. A., Kpytosa U. FO. ( CPJluHeapusaums n 4mncneHHoe mccnegosaH CHexuHck 2025



- . g/ - - — L ——

Puc.4 U a - t=0.5¢ b - t=1c c - t=5c¢ d - t=300c

Puc.4.1 V a - t=0.5c b - t=1c c - t=5c d - t=300c

Puc.5 Jlunun Toka
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YucnenHoe mogenmposanue Tedennii 8 B3I manbix macwrabos (cpasrenne) *

09990
09998
09997
09996
0035
09994

1 09903

0999

'
09998
03058 s
g owss 00096
03954 v 09995
0992 e

/us

Punc.7 MCYHC: nnotHocTb, Temnepatypa n W npu t=0.1c

1C.N. Baytun, A.T. OByxoe. YucnenHoe MogenMpoBaHne TpeXMepHbIX
HECTaLMOHaPHBIX TEHEHU CXKUMAEMOro BA3KOrO TEMIONPOBOAHOro rasa. ExaTtepuHbypr:
Vpl'VIC, 2020.
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Yucnentoe mogennposaHue tedernii 8 B3I manbix macwrabos (cpasHeHune)

Punc.9 MCYHC: nnotHocTb, Temnepatypa n W npu t=300c
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YucnenHoe mopennposanue tedennin B B3l cpegHux macwtabos

z =0.02(1m), roo = 50 M, Ax = Ay = 0.005(0.25m),Az = 0.004(0.2m),
At = 0.001(0.00015¢c), w(t) =0.003 (1 — e '), w:0+1m/c

=

Puc.10 t=0.5¢ a - MnoTtHocTse b - TemnepaTtypa c-W

oom0
099985
09998
09975
09997

09365

Puc.11 t=300c a - MNnoTHocTk b - TemnepaTypa c-W
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Puc.15 U npun t=300c

Puc.15.1 V npu t=300c

Purc.16 JluHun Ttoka

Byraenko A. A., Kpytosa U. FO. ( CPJluHeapusaums n 4mncneHHoe mccnegosaH CHexxunHck 2025 14 /23



Yucnennoe mogennposanue tedennii 8 B3I cpegrux macwrabos (cpasHenne)

Puc.17 Jluneapusosannaa NMCYHC: nnotHocTb, TemnepaTtypa u W npu t=0.5¢

10

09999 0ase0s 0 8

095385 P 00000

09998

oassas s
09975 i
09997 3
099975

2

09996

Punc.18 MCYHC: nnoTtHocTb, TemnepaTypa n W npu t=0.5¢

CHexxunnck 2025
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Yucnennoe mogennposanue tedennii 8 B3I cpegrux macwrabos (cpasHenne)

09999

oossa

09998

0999

099975
oass2

09997

099965

09999 o

099985

09998
099975
09997 |

09997

oosses

Punc.20 NCYHC: nnoTtHocTb, TemnepaTypa n W npu t=300c
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YucnenHoe mogenuposatue tedeHuii 8 B3MN Gonbmx macwrabos

z =0.01(500m), roo = 50000 M, Ax = Ay = 0.005(250m), Az = 0.002(100m),
At =0.001(0.15¢), w(t) =0.125% (1 — e **f), w:0+4.16m/c J

Puc.9 t=0.5c a - MNnoTHocTk b - TemnepaTtypa c-W

Puc.21 t=300c a - MNnoTHocTk b - TemnepaTtypa c-W
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Puc.22 U npn t=2¢

Pwuc.21.1 V npun t=0.5¢ Pnc.22.1 V npu t=2c¢

Punc.25 Jlunun toka
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Puc.23 U npu t=5¢

Puc.23.1 V npn t=5¢

Puc.24 U npu t=300c

Puc.24.1 V npu t=300c
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Yucnennoe mogennposanne Tedernii 8 B3I bonbwux macwrabos (cpasHenme)

Punc.26 JluneapusosarnHaa NMCYHC: nnotHocTb, TemnepaTtypa u W npu t=0.5¢

Puc.27 MCYHC: nnotHocTb, Temnepatypa n W npun t=0.5¢
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Yucnennoe mogennposanne Tedernii 8 B3I bonbwux macwrabos (cpasHenme)

Puc.29 MCYHC: nnotHocTb, Temnepatypa n W npun t=300c
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CpaBHVITeJ’IbHaﬂ Ta6nmua TEPMOANHAMUNYHECKNX XAPAKTEPUCTUK, NOJTYHEHHbIX NMpn

yucneHHom mogenuposaHun TedeHuii 8 B3I paznuunbix macwrabos NMCYHC un

nuneapusosaHHoii [MCYHC

rgp=10 m Tgp=50 m rgp=50000 m
JIiH HEmm™ JIrH HEmH JIiH HEmH

t=0.1 t=0.5 t=0.5
minRo | 09992 | 0.9992 0.00% 09996 | 0.9996 0.00% 0.9605 0.9595 | 0.10%
minT 09995 | 0.9995 0.00% 09997 | 09997 0.00% 0.9865 09286 | 0.05%
max W | 0.0004 | 0.0004 0.00% 0.0009 | 0.0009 0.00% 0.004 0.004 | 0.00%

t=300 t=300 t=300
minRo | 0.99965 | 0.9997 -0.01% [0.99955| 0.99945 -0.01% 0.9605 0.9595 | 0.10%
minT 0.998 0.998 0.00% 09975 0.997 -0.05% 0.98 097 1.03%
max U 0.003 0.003 0.00% 0.01 0.01 0.00% 0.1 0.1 0.00%
max'V 0.005 0.005 0.00% 0.01 0.01 0.00% 0.1 0.1 0.00%
max W | 0.0008 | 0.0008 0.00% 0.0009 | 0.0009 0.00% 0.004 0.004 | 0.00%
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MonHas kuHetmveckas sHeprusi B3I

E~0. SZEEPI,J k(U,’J KTV d Py W, )AXAyAZ

- :///:;; N ///;:~ |
P I
7 =
/ 7
T
7
Puc.30 E(r00=10m) Puc.31 E(r00=50m) Puc.32 E(r00=50000m)

PaamepHoe 3Ha4eHne NoHON KMHeTuyeckoi aHeprum ()

_ 2,3
W* =W - poo - vio - 0

ro 00 V"2
HEmm JIrm 12922110889 | r00*3 |W* Hemm |W* mmH
Wil 1.21E-06| 1.30E-06 1.00E+03 1.73E+02 1.26E+02| 6.76%
W2 1.87E-06| 1.69E-06 1.25E+05 3.34E+04 3.03E+04| 9.31%
W3 1.60E-04| 6.55E-05 1.25E+14|2.8714E+15|1.1729E+15| 59.15%
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3akao4eHme

© YucnenHoe pewenune nuHeapusosantoii [MCYHC onucbisaet cnoxHele
TEYEHUs BS3KOTO OKMMAEMOrO TEMJOMNPOBOAHOrO rasa

@ Cxema BosHukHoBeHusi B3M? nonyumna yncnenHoe nogTeepaeHne

© [lony4yeHo KayeCTBEHHOE N KONMHYECTBEHHOE COrNacue B MOBEAEHUN
ra304MHaMUYECKNX XapaKTepucTuk anHeapusosanHoii n NMCYHC

Cnacubo 3a BHumaHne! )

Byraetko AHna AHaTonbeBHa
BugaenkoAAQvniitf.ru J

2C.MN. Baytun, W.FO. KpyTosa, A.T. Obyxos. Ma30anHaMuyeckas TEOPUs BOCXOMSALYNX
3akpy4deHHbIx notokos. Ekatepunbypr: Vpl'VIIC, 2020.
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